In this paper, the effect of ultrasonic treatment on the rheological properties of apple juice (Idared variety) was studied. The juice was treated with ultrasonic waves for 5 and 10 minutes relative to the untreated sample. The tests were conducted using rotational viscometer at shear rates ranging from 40 to 140 s -1 at constant temperature of 20 o C. There was no influence of ultrasonic treatment on the rheological character of apple juice. The rheological behaviour of untreated apple juice had the characteristics of non-Newtonian fluids. The value of the flow index was less than 1, indicating its pseudoplastic character. Because the ultrasonic treatment doesn't change the structural properties it can be used for mild preservation of apple juice. This technology of juice processing allows to reduce the energy consumption, what contributes to the rational management of energy resources.
INTRODUCTION
The scientists and government organizations around the world are working to promote and implement alternative agricultural practices that maximize the benefits of sustainable agriculture. These actions are accompanied by attention to reduce energy consumption during processing, transport and production of goods with limited or no waste (Tilman et al., 2002) . Therefore, solutions are being sought based on the available technologies, which aim to improve economic growth, while minimizing the impact on the natural environment (Altieri 1995; Urbaniec et al., 2016) .
The alternative may be new ultrasound-based technologies, which due to the acceleration of many processes (Kobus 2008; Cai et al., 2016) and reduction of energy consumption allows them to obtain higher quality products, and reducing or eliminating adverse effects on the environment (Cintas 2016; Draye and Kardos 2016) .
Currently, research is performing on the use of ultrasound energy for gentle preservation of fruit juices (Rojas et al., 2016) . The sound waves can inactivate enzymes and microorganisms by denaturing or breaking down of protein structures (Kwiatkowska et al., 2011) . Ultrasonic treatment can have a substantial impact on the rheological properties of the liquid (Bot et al., 2017) . Rheological characteristics are important in transport, storage and structural changes in the liquid (Kobus 2015) . The aim of the study was to investigate the effect of ultrasound on the rheological properties of apple juice.
MATERIAL AND METHODS
The research material was apple juice from the Idared variety. The juice was obtained after crushing on a laboratory basket press. To test the juice was filtered to remove pulp particles.
The process of ultrasonic treatment was carried out using an ultrasonic generator Sonic VC 750 with power of 750W and the head having a diameter of 19.05 mm. A sample of 60 ml of apple juice was treated for 5 and 10 min at ultrasonic intensity of 1.16 W•cm -3 . Rheological properties were measured using Brookfield viscometer (Brookfield Engineering Laboratories: model LVDV-II + PRO). A sample of 16 ml of apple juice was used in ULA-baker for all experiments. The tests were conducted using rotational viscometer at shear rates ranging from 40 to 140 s -1 . By using a water bath (Brookfield TC-502P) the temperature was kept constant value on 20 o C. The viscosity curves and flow curves were determined on the basis of the computer software (Rheocalc 3.1). In addition, changes in the extract content and temperatures after wave treatment were measured. All experiments were carried out in three replications. The relationship between shear stress and shear rate was determined using the Ostwald-de Waele model described by the following equation:
τ -shear stress (Pa), k -consistency coefficient (Pa•s n ),  -shear rate (s -1 ), n -flow behaviour index (-). Figure 1 shows temperature changes of apple juice during ultrasonic treatment depending on the treatment time. In both cases the temperature increases gradually to reach respectively a value of 75 °C after 5 min and 85 °C after 10 min. Table 1 shows the content of the extract for the raw juice and after the ultrasonic treatment. It showed an increase in sugar content, with increasing treatment time. But this effect may be caused by evaporation of some amount of water from the sample due to the increase in temperature. In Fig. 2 and 3 were shown flow and viscosity curves for three samples of tested juices. On the basis of the shape of the flow and viscosity curves, it can be concluded that the tested juice exhibits non-Newtonian behaviour.
RESULTS
In table 2 were presented values of consistency coefficient and flow behaviour index for the tested juices. Due to the fact that juices exhibited non-Newtonian behaviour Ostwaldde Waele model was applied to calculate its rheological properties. (Tukey's test, p<0.05) The value of the flow index are different from the 1 which indicating the non-Newtonian liquid character. All the values of flow behaviour index are below 1 supporting the pseudoplastic behaviour of tested juices. Statistical analysis showed no significant effect of ultrasonic treatment on the consistency coefficient and flow index.
CONCLUSIONS
Research on the influence of ultrasonic treatment during 5 and 10 min on rheological properties of apple juice versus control (raw juice) was performed. Untreated juice exhibited non-Newtonian liquid properties. The ultrasonic treatment didn't change rheological behaviour of apple juice. There was also no statistically significant effect of ultrasonic processing on the values of consistency coefficient and the flow index of the tested apple juice.
It can be concluded that sonification at this level of intensity doesn't effect on changes in structural properties of juice. The results of the study indicate that the applied ultrasonic intensity can be used to gentle apple juice preservation. This mild way of juice processing allows to reduce the energy consumption, what is important for the sustainable use of energy sources in the food and agriculture sector.
